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COMPOUNDS AND METHODS FOR MODULATING 
CXCR3 FUNCTION 
CROSS-REFERENCES TO RELATED APPLICATIONS 

Not applicable 

BACKGROUND OP THE INVENTION 

»«c eUul „ fc. dcta ions flp^ 

25 infection or inflammation. 

flu* ^ 316 f0Ur d3SSes of ch^nokines, CXC (a), CC (0), C(y ), and CX 3 C 

(oXdependmgon whethcrthefirsttwocystei.es arc separated by a single anuno acid (C- 
X-Q, are adjacent (C-C), have a missing cysteine pair (Q, or arc separated by three 
ammo acids (CXC3). The a-chemokines, such as mterleukin-8 (IL-8), melanoma g.wth 
30 stunulatory activity protein (MGSA), and stromal cell derived factor 1 (SDF-1) are 

chemotactic primarily for neutrophils and lymphocytes, whereas P-chemokines, such as 
RANTES, MUMa, MlP-lft monocyte chemotactic protein-1 (MOM), MCP-2 MCP-3 
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md eo^udn ar. ^o^ctic ft, roacroph.^. T~U S , ** i-H* <°«* 

for lymphocy*, (K*»r. « A S— 266:1395-1399 (1994)) whO. *. C*C 
1H. ****** shows specif for .yttphocy** ~ -nonocy*, (Bazan, era/., 

M.l«re.38S:640-6«(1997). 

Tl.cl^kin.sbmdsp.cificc.ll.surf.ccroc.ptonbdoogmgtoth. 

r^yofO-^io-coopl-^^c-^m^P^^^^ 

2,022,23-22.28 (1995); N«o«, « a/.. C* 72:415-425 (.993))-, CCR2A CC«B 
£b3 <« -CKK-3- or -CC-CKR-3-) .«*. RAKIBS, MCP; (Per**, . -, J «* 
, to' t 273 1764-1768 (1998)); CCR5 (or "CKR-5" or CC-CKR-5 ) MUf 

MTP-, b«. RANTESt «Ki MCP-3 (Nibbs, « a!., /. M Om, "f*** 

25 ^l*I««-*^-*'^ n « ,laL,<S * ,- " , '' l - / 

Oton, 269:7835-7838 (1994)). 

Chcmoto reo^rs, »oh » CCR1, CCR2, CCK2A, CCR2B (XK3, 

CCR4 CCB5, CCR6. CCR7, CCR8, CCR9, CXCR1, CXCR2. CXCR3, CXCR4, 
atherosclerosis. 
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The CXCR3 chemokine receotor .... 
and ITAC. XC c, *««*"w, D>10, MIG 

•^^oWn,^.^ Snoncon^nn*^^^ 
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SUMMARY OF THE INVENTION 



CXCR3c . ^ mention i S directed to co.pou.ds which are modulators of 

certain inflammatory and mucoregulatory disorder. m h h- • 

atherosclerosis. Tie inv^ OT i, ^ ^ 

• ° 13 8180 dlrected to Pharmaceutical compositions 

comprising these compounds and the use 0 fth~ , P 

^ tne oi these compounds and conmosition* in tt,* 

prevention or treatment of diseases in which cxn» V t- ° COmposmons m ^ 

eases m which CXCR3 chemokine receptors are involved 
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More particularly, the compounds provided herein have the general 

formula: 
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R 1^Y-Z (D 



in which Ax represents a substituted or unsubstituted aryl or heteroaryl group; the symbol 
r» represents a substituted or unsubstituted (C,-C l5 )alkyl group; the symbol R represents 
a substituted or unsubstituted (C.-CrfaDcyl group; the subscript n is an integer of from 0 to 
4 and each R 3 independently represents an aryl substituent, preferably selected from 
halogen, hydroxy, (C.-C,)alkyl, (C,-C 8 )alkoxy, nitro, cyano, amino, and mono- or d,- 
aUcylamino- X is CH or N; Y is a substituted or unsubstituted ( Cj -C 8 )alkylene or (C- 
C 8 )heteroalkylene; and Z is -NR*R S , in which R* and R 5 are independently hydrogen or 
(C,-C 8 )alkyl. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Not applicable 

DESCRIPTION OF THE INVENTION 



20 AHm™*** 1 "!! nnil D ftfinition8 

The term "alkyV by itself or as part of another substituent, means, unless 
otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical or 
combination thereof, which may be fully saturated, mono- or polyunsaturated andean 
include di- and multivalent radicals, having the number of carbon atoms des,gnated 
C-Comeansonetotencarbons). Jt^**^**^^^ 
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, 
cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyU h ° m ° 1 ^ ^ °' f ' . s 

onehavmgoneormoredoublebond.ortriplebonds.Examplesofunsatur^^^ 
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derives of ^ ^ m ^ ^ _ v k 

divalent radical derived from an alkane, as exemplified by -CHiCH»CH m ,1 

^77 ^"^^-^ Jit. " 

alkylene is a shorter chain alkvl or alkvl^ _ 

eabonattma. ""<>" »'-M«a SToop, g «»oraJl y h.v i o g eigh,.rf«„ w 

dra^lecoi.vra^oay.ra,.^^^^^^^^ «»< 
He term "bewoaHyl,- by iBelf or in eombbradoo Witt anotter ,1™ 

J^^-frb.,*** T*l K ,e™. n<s) o, Nm dSra,y b .p Mced 
•^"^^-oftteM.lecole.E^pteta^^^T'" 

CH J ™'^ CJtovrt ^ h "«n>^.aaexen V liriedby.CH ! . 

ffl.-S-CH r =H J . ffld ^. c „ ! ^ Hj . NH ^ Forhera^Ukyleoe^ 

afcytaearatto, ^leoedramioo, aod tte 1*.,. Soil fcfc* te ^ 
^»«»a J l«.W k , SBWBrtMlSMt[fc ^UirapUed 
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The tenns "cycloalkyl" and "heterocycloalkyl", by themselves or in 
combination with other terms, represent, unless otherwise stated, cyclic versions of 
"alkyl" and-heteroalkyl", respectively. Additionally, for heterocycloalkyl, aheteroatom 
can occupy the position at which the heterocycle is attached to the remainder of the 
i molecule. Examples of cycloalkyl include cyclopentyl, cyclohexyl 1-cyclohexenyl, 3- 
cyclohexenyU cycloheptyU and the like. Examples of heterocycloalkyl include 1 
-(1 ,2,5,6-tetranydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morphohnyl, 3- 
morp'holinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, 
tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl, and the like. 
0 The terms "halo" or "halogen," by themselves or as part of another 

subshtuent, mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. 
Additionally, terms such as "haloalkyl," are meant to include monohaloalkyl and 
polyhaloalkyl. For example, the term WCrC^alkyl" is mean to include 
trifluoromethyU 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyt, and the like. 
15 The term "aryl" means, unless otherwise stated, a polyunsaturated, 

typically ammanc.hydrocarbonsubstiment which can be a single ring or multiple rings^ 
(up to three rings) which are fused together or linked covalently. The term "heteroaryl 
refers to aryl groups (or rings) that contain from zero to four heteroatoms selected from 
N o and S, wherein the nitrogen and sulfur atoms are optionally oxidized, and the 
20 nim>genatom(s) are optionally quatemized. A heteroaryl group can be attached to the 
remainder of the molecule through a heteroatom. Non-limiting examples of aryl and 
heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyU 2- 
pyrrolyl, 3-pynolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl. pyrazinyl, 2-oxazo yU 4- 
oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl. 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2- 
25 thiazolyl,4-thiazolyl,5-thiazolyl,2-^ 

pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzumdazolyl, 
5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-qumoxalinyl, 3-quinolyl, and 6- 
quinolyl. Substituents for each of the above noted aryl and heteroaryl ring systems are 
selected from the group of acceptable substituents described below. 
30 For brevity, the term "aryl" when used in combination with other terms 

(, g . aryloxy, aryltbioxy, arylalkyl) includes both aryl and heteroaryl rings as defined 
above. Thus, the term "arylalkyl" is meant to include those radicals in 
group is attached to an alkyl group (e.g. , benzyl, phenethyU pyridylmethyl and the hke) 
including those alkyl groups in which a carbon atom a methylene group) has been 
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('-^^yloayjiiropyl, and the like). 

•Wan,,-, ^^^ ta <^^"''---W"**-«. 
5 tndtoaredredteak Prefer* substiriients *r ,* ^ of ^ « ^ ^ 

eta referred to as alkylene, ^ heteroaikyia.., ^° * 

aeiecred tom: -OR', -O, -NR-, -N.OR-, -NR-R-. -SR., ^JT* 

^^•b^bae.^,,*,,,,^^^^ 

reoTtrt: ForM,mpie - NR,R " ia -"-"'»-'»*> W n,iidu. yl ™;4- 

nroaphotayl fc ^ of _ ^ ^ fc 

>=d -CHrCF,, end aoy, -C(0)CH,, .C ( 0)CF, -C ( 0>CH l0 CH, and^ £ ' 

seared S T" y ' * *° *°" Md *— " - — - - 

stored fromr -l»lo!en.-OR%.OC(0)R-,-NR-R»,^R.,. R .,. CN ,. NO! 

■MKXNWHB, -NR'C(NHi)»NH, -NH-CfNH,)-^, *oV ' 

^^^^"dre^r^ofe^v^o.dre^oJrT^ 
^^^^K-^R^todep^^^ 

0)»jltyl,ar»i(titl5t*aitote4aryl)oxy<C,-a) a lkyL 

Two of the anbedtoenB on adjeeent a Mrm of the aryl or heteroaryl rine 
^^^wirea-re^ofthex^.T^OHCH^U.,^ 
r. 2. Aheroaatvely, two of ae _ ^ h 
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rin. m ay optionally be replaced with a substituent of the formula -A-(CH 2)r B, wherein 
A and B are independently -CH 2 , -O-, -NH-, -S-, -S(O), -3(0),-, -S^NR'- or a single 
bond andrisanmtegeroffromltoS. One ofthe single bonds ofthe new ring so 
formed may optionally be replaced with a double bond. Alternatively, two of the 
5 substituents on adjacent atoms of the aryl or hcteroaryl ring may optionally be replaced 
with a substituent ofthe formula -(CH 2 ).-X-(CH 2 )r, where s and t are independently 
integers of from 0 to 3, and X is -0-, -NRS -S-, -S(0>, -8(0),, or -S^NR- The 
substituent R' in -NR.'- and -S^NR'- is selected from hydrogen or unsubsntuted (C,- 
C$)alkyl 

1Q ** as ^ herein, the term "heteroatom" is meant to include oxygen (O), 

nitrogen (N), sul&r (S) and silicon (Si). 

The term "pharmaceutically acceptable salts" is meant to include salts of 
the active compounds which are prepared with relatively nontoxic acids or bases, 
depending on the particular substituents found on the compounds described hereu, When 
15 compoundsofmepresentmv^^ 

salts can be obtained by contacting the neutral form of such compounds with a sufficient 
amount of the desired base, either neat or in a suitable inert solvent Examples of 
pharmaceutically acceptable base addition salts include sodium, potassium, calcmm, 
ammonium, organic amino, or magnesium salt, or a similar salt. When compounds ofthe 
20 present invention contain relatively basic functionalities, acid addition salts can be 

obtainedby contacting the neutral form of such compounds with a sufficient amount of 
^d^-ld,^.--^..^*-.^ Examples of pharmaceuncally 
acceptable acid addition salts include those denved from inorganic adds luce 
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric, 
25 m onohyoxogenphosphoric,d^^^ 

hydri oL, or phosphorous acids and the like, as well as the salts denved from relaUvely 
nontoxic organic acids like acetic, propionic, isobutyric. maleic, malomc, benzoxc 
succinic, suberic, fumaric. mandelic, phthalic, benzenesulfonic, p-tolylsulfbntc, c«nc, 
tartaric.methanesu^^^ 

t helike(se,,forexann>le,Berge,S.M.,etaU'Tharmaceu^ 

PHarmaceutical Science, 1977, 66, 1-19). Certain specific compounds ofthe present 
invention contain both basic and acidic funcnonahties that allow the compounds to be 
converted into either base or acid addition salts. 
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The neutral forms of the compounds may be re^^ u 

«e ma prodaog ,■„„,. Protog, of th. compound, dKcribed hmin= „„, UM, " Wuch 

present invention when placed in a lransrf«™ a i— u K ™»oime 

chemicalreagent txansdenna] patch reservoir with a suitable enzyme or 

Certain compounds of the present invent™ • . • 
•nepreaentinvennon. 

C.n.inc^.u^ofa.p^i,,,^ 
atoms (optical centers) or double bonds- the r,™... ™caroon 

" ^^^^^^^onn^atocontainuronton, 

"""I <"C All laotopT" 

tended to be enco^p^ wftbin tbe acop . of the pre*,,, invendon. 
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General 

The present invention is directed to compounds, compositions and 
methods useful in the modulation of chemokine receptor activity, particularly CXCR3. 
5 Accordingly, the compounds of the present invention are those which inhibit at least one 
function or characteristic of a mammalian CXCR3 protein, for example, a human CXCR3 
protein. The ability of a compound to inhibit such a function can be demonstrated in a 
binding assay (e.g., ligand binding or promoter binding), a signalling assay (e.g., 
activation of a mammalian G protein, induction of rapid and transient increase in the 
1 0 concentration of cytosolic free calcium), and/or cellular response function (e.g., 

stimulation of chemotaxis, exocytosis or inflammatory mediator release by leukocytes). 

Compounds that Modulate CXCR3 Activity 

IS In one aspect, the present invention provides compounds that modulate 

CXCR3 activity. The compounds have the general formula: 

O 

Ar> 




In the formula I, the symbol Ar represents a substituted or unsubstituted 
aryl or heteroaryl group. Preferably, Ar is a substituted or unsubstituted aryl group, more 

20 preferably a substituted aryl group. In one group of particularly preferred embodiments, 
Ar represents a substituted phenyl group. Preferred substituents on the phenyl group are 
selected from halogen, (d-C 4 )alkyl, (C r C 4 )haloalkyl, (Ci-C 4 )alkoxy, (d-C 4 )haloalkoxy, 
nitro and cyano. More preferably, the substituents on the phenyl group are selected from 
halogen and (Ci-C 4 )alkoxy. 

25 Returning to formula I above, the symbol R l represents a substituted or 

unsubstituted (C5-Ci 5 )alkyl group, preferably, a substituted (C 5 -Ci 5 )alkyl group. In a 
particularly preferred group of embodiments, R 1 is a (Cs-Ci5)acyl group which is either 
saturated or unsaturated. Examples of preferred R 1 groups include pentanoyU hexanoyl, 
hetanoyl, octanoyl, decanoyl and the like. Most preferably, R 1 is a (Cg-Cu)acyl group. 
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orprepy! group, moaprefembly.mahylgreup. 8,8 «hy> 

can occiqjy any of the available valences on the aromatic ring. For those embodiments in 

"^mranmylorh.,^,,^ ,*ferab,y. each R> is mdepeod^y. 

b ^ f ^ C °^ a '' ! '°"-tateg ff mamO to 2, mi | mhR . (whel , 
present) ts selected from baloge, bydreay, (C , ^ (c , <^ 

In mnnnl. I above, me tette, X represents CH or N, preferably N 
The letter Y represents a linking group which can be a substituted or 

~ W(C ^-»^*-^'-»«mg^p. HaampCf 
such linking groups are -CH1CH2-, -CH2CH2CH2-, -CHiCHjCHjCHj- 
•CHOTCHiCHiCHiCH,, -CH^OCHiCHr, and to. like 

^ W ' eUer ^ ^P'c^nts -NR*R 5 , in which R 4 and R J are independently 

--"•-.Ihe.n,,^^^ Preferably, R 4 and R' are the 
w^=« h „^ Kf ^ a ^ ta ^ 8 
embodiments Z is a dimethyl amino group. 

In addition to the preferred embedments provided for each of the 
subsets above, certain combinations of substituents are ah» pre f eire d ^ ^ 

sTsTlH , FOT T Ple ' k ° ne8roUPOfprefOTed -^ts,XisN, Aris 
substrtutedpbenylandR'isaCC^acy, group. More preferably, X is N. Ar is 
-bsntut^pnenyl.R^a^^ 

unsubstrruted (C,-C«)all£yl and Y is (C2-Cs)alkylene. In still further preferred 
embodiments, X is N, Ar is substituted phenyl, R 1 is a (Cg-Cu)acyl group, R > is 
unsubstrtuted (C.^alkyL Y is (C 2 -C 5 )alkylene and Z is dimemylamino. 

In yet another group of preferred embodiment*, n is 0, X isN.Aris 
substrtutedphenyl, R is a (C 8 -C M )acyl group, R* is unsubstituted (C,C 4 )aIkyl, Yis 
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ethylene and Z is dimethylamino. Most preferably, n is 0, X is N, R 1 is a (C 8 -Ci 4 )acyl 
group, R 2 is unsubstituted (Ci-C4)alkyl, Y is ethylene, Z is dimethylamino and Ar is a 
4-substituted phenyl group, more preferably, 4-fluorophenyl, 4-chlorophenyl, 4- 
bromophenyl, 4-methylphenyl, and 4-methoxyphenyl. 

In a group of most preferred embodiments, the compound has a formula 
selected from the group : 
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Composition «..» vt^.. late rvr-pn A^M»y 

In another aspect, the present invention provides compositions for 
modulating chemokine receptor activity in humans and animals. The compositions 
compnse a compound of the present invention with a pharmaceutical carrier or diluent 

"Modulation" of chemokine receptor activity, as used herein in its various 
forms, is ^tended to encompass antagonism, agonism, partial antagonism and/or partial 
agomsm of the activity associated with a particular chemokine receptor, preferably the 
CXCR3 receptor. The term "composition" as used herein is intended to encompass a 
product comprising the specified ingredients in the specified amounts, as well as any 
product which results, directly or indirecUy, from combination of the specified 
ingredients in the specified amounts. By "phannaceutically acceptable" it is meant the 
earner, diluent or excipient must be compatible with the other ingredients of the 
formulation and not deleterious to the recipient thereof. 

The pharmaceutical compositions for the administration of the compounds 
of tins invention may conveniently be presented in unit dosage form and may be prepared 
by any of the methods well known in the art of pharmacy. All methods include the step 
of bringing the active ingredient into association with the carrier which constitutes one or 
more accessory ingredients. In general, the pharmaceutical compositions are prepared by 
uniformly and intimately bringing the active ingredient into association with a liquid 
earner or a finely divided solid carrier or both, and then, if necessary, shaping the product 
into the desired formulation. In the pharmaceutical composition the active object 
compound is included in an amount sufficient to produce the desired effect upon the 
process or condition of diseases. 

The pharmaceutical compositions containing the active ingredient may be 
in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily 
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or syrups 
or ehxrn. Compositions intended for oral use may be prepared according to any method 
known to the art for the manufacture of pharmaceutical compositions and such 
compositions may contain one or more agents selected from the group consisting of 
sweetening agents, flavoring agents, coloring agents and preserving agents in order to 
providepharmaceuticallyelegantandpalatablepreparations. Tablets contain the active 
ingredient in admixture with non-toxic phannaceutically acceptable excipients which are 
suitable for the manufacture of tablets. These excipients may be for example, inert 
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diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or 
sodium phosphate; granulating and disintegrating agents, for example, corn starch, or 
alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, 
for example magnesium stearate, stearic acid or talc. The tablets may be uncoaled or they 

5 may be coated by known techniques to delay disintegration and absorption in the 
gastrointestinal tract and thereby provide a sustained action over a longer period. For 
example, a time delay material such as glyceryl monostearate or glyceryl distearate may 
be employed. They may also be coated by the techniques described in the U.S. Pat Nos. 
4,256,108; 4,166,452; and 4,265,874 to form osmotic therapeutic tablets for control 

10 release. 

Formulations for oral use may also be presented as hard gelatin capsules 
wherein the active ingredient is mixed with an inert solid diluent, for example, calcium 
carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active 
ingredient is mixed with water or an oil medium, for example peanut oil, liquid paraffin, 
15 or olive oil. 

Aqueous suspensions contain the active materials in admixture with 
excipients suitable for the manufacture of aqueous suspensions. Such excipients are 
suspending agents, for example sodium carboxymethylcellulose, methylcellulose, 
hydroxy-propylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth 

20 and gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, 
for example lecithin, or condensation products of an alkylene oxide with fatty acids, for 
example poiyoxy-ethylene stearate, or condensation products of ethylene oxide with long 
chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or condensation 
products of ethylene oxide with partial esters derived from fatty acids and a hexitol such 

25 as polyoxy ethylene sorbitol monooleate, or condensation products of ethylene oxide with 
partial esters derived from fatty acids and hexitol anhydrides, for example polyethylene 
sorbitan monooleate. The aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 

30 or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in 
a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a 
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening agent, 
for example beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set 
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agents, may also be present S 

sweetening and flavoring agents. 

'0 Glycerol i »* eU *" ^ * formulated with sweetening agents, for example 
-0 ^l.propyleneglycol.sorbitolorsucrose. Such formulations may also contain a 

demulcent, apreservative and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile injectable 

aqueousoroleagenoussuspensioa This suspension may be formulated according to the 

5 havebeenmen.onedabove. B-^N^^-iic.^^,,...^ 

u^ectahlesolutionor suspension » a non-toxic parenterally-acceptable diluent or solvent, 
^an^leasasoludonml^butanedio,. Among the acceptable vehicles and solvents 
that may be employed are water, Ringer's solution and isotonic sodium chloride solution 
* add-on, sterile, fixed oils are conventionally employed as a solvent or suspending ' 
mednm, For this purpose any bland fixed oil may be employed including synthetic 
mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

The compounds of the present invention may also be administered in the 
form of suppositories for rectal administration of the drug. These compositions can be 
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prepared by mixing the drug with a suitable non-irritating excipient which is solid at 
ordinary temperatures but liquid at the rectal temperature and will therefore melt in the 
^tum to release the drug. Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jetties, solutions or suspensions, etc., 
containing the compounds of the present invention are employed. As used herein, topical 
application is also meant to include the use of mouth washes and gargles. 

The pharmaceutical composition and method of the present invenuon may 
further comprise other therapeutically active compounds as noted herein which are 
usually applied in the treatment of the above mentioned pathological conditions. 

) 

to yet another aspect, the present invention provides methods of treating 
CXCIG-mediated conditions or diseases by administering to a subject having such a 
5 diseaaeorconoition.am^ 

above. lh ^d«rt^---^ i r' 
outnot limited to.*^^*^*^*^****"** 
rats, mice and the like. 

Tha torn -fcanpeuttcally rffceiv. amount" <* of ** 

„L « *mm fh« i. bah* by ft. ro»«roh«r, . — *— M 

other clinician. . 

Di^as, and conditio,* aasooiated with taflammanon, tnfacnon »d 

„La* roch m Crohn', *~ «l««n»iva - — * 

^2, nul tipla aoiaroais, «-* *- -a*— 
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and the like, (3) graft rejection (including allograft reierrin a a 

athms , ^ mflammatory responses are to be inhibited fe e 

ath^scle^^ 

s zr h r * nephritis ' — * ohtsHir 

Examples^f^«^^To be^^^^^^Q^ agones ™ Sl hiH^^^^ Action. 
. . . Wim LXCR3 agonists include cancers, diseases in 

^ ta|nicis ^ jj^ 

.T" °" mmk " °"™>*«* ««* reottoctatokta. 

™*m modute,™ . ^ropn.uc oosag, level „,„ be about 0 001 to 100 me 

0.005 am , 0.05 fcfts 

perday.PoroiJaomiiiiaiatioiLtlieisonn.,^. , W 

! abb*.,™.-- ,» toC ^ a ^ m l m ^Iyptovidodmth.fbn n „, 

ZZTLT T 75A ,0OA I500 ' 200 °- 2 ^ *»* «* £ 

adjo^ofotod^u.tt.p^^^,^^^^ 
^tagOto^ooof^to^^^^^^ * 
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mode time of administration, rate of excretion, drug combination, the severity of the 
particular condition, and the host undergoing therapy. 

The compounds of the present invention can be combined with other 
compounds having related utilities to prevent and treat inflammatory and 
5 hnmunoregulatory disorders and diseases, including asthma and allergic diseases, as well 
as autoimmune pathologies such as rheumatoid arthritis and atherosclerosis, and those 

pathologies noted above. 

For example, in the treatment or prevention of inflammation, fce present 
compounds may be used in conjunction with an antiinflammatory or analgesic agent such 
l0 as an opiate agonist, a lipoxygenase inhibitor, such as an inhibitor of 5-npoxygenase, a 
cyclooxygenase inhibitor, such as a cyclooxygenase-2 inhibitor, an interleulon mhdntor, 
such as an interleukm-1 inhibitor, an NMDA antagonist, an inhibitor of nitric oxide or an 
inhibitor of the synthesis of nitric oxide, a non-steroidal antiinflammatory agent, or a 
cytokine-suppressing antiinflammatory agent, for example with a compound such as 
15 acetaminophen, aspirin, codiene, fentanyl, ibuprofen, indomethacin, ketorolac, morpmne 
naproxen, phenacetin, phx,xicarn, a stemidal analgesic, ^ 
the like. Similarly, the instant compounds may be adnrinistered with a pain rehever, a 
potentiator such as caffeine, an H2-antagonist, snnethicone, aluminum or magnesium 
hydroxide; a decongestant such as phenylephrine, phenylpropanolamine, pseudophedrme, 
20 oxymetazoline, ephinephrine, naphazoline, xylometazoline, propylhexednne, or levo- 
desoxy-ephedrine; an antitussive such as codeine, hydrocodone, caramiphen, 
carbetapentane, or dextramethorphan; a diuretic; and a sedating ornon-sedatmg 
antmistamine. Likewise, compounds of the present mvention may be used ur 
combination with other drugs that are used in the treatment/prevention/suppresston or 
25 ^ehomtionofmemseasesorconditionsforwMch^^^ 

areuseful. Such other drags may be adrninistered, by a route and in an amount 

con^onlyusedthemfo^ . 
present mvention. When a compound of the present invention is used -tcmp«ane^y 
with one or more other drugs, a pharmaceutical composition containmg such omer drugs 
30 in addition to the compound of the present invention is preferred. Accordmgly, the 

or more other active fal ^ fc i^t..«^^^ , ~ 
Examples of other active mgredients that may be combined with a compound of the 
present invention, either administered separately or in the same pharmaceuUcal 
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compositions, include, but are not limited to- fa> VLA-4 
pirbuterol), theophylline, cromolyn sodium, atronin* ■ ._ 

^^^^^^^^ 

Dm**, ^v.^ md aoTOsa ^ ^ ^ " 

mm . M . sulfonylureas, bis^ ft*,^ .^^^ 



19 



PCT/US00/23556 

WO 01/16114 

and 6-mercaptopurine, and cytotoxic cancer chemotherapeutic agents. The weight ratio 
of the compound of the present invention to the second active ingredient may be vaned 
and will depend upon the effective dose of each ingredient. Generally, an effective dose 
of each will be used. Thus, for example, when a compound of the present invention ts 
combined with an NSAID the weight ratio of the compound of the present invention to 
the NSAID will generally range from about 1000:1 to about 1:1000, preferably about 
2001 to about 1:200. Combinations of a compound of the present invention and other 

active ingredients will generally also be within the aforementioned range, but m each 

case, an effective dose of each active ingredient should be used. 

Msfrad aUSyalaatiag Tnt i th* ™ m Modulators 

in yet another aspect, the present invention includes methods to evaluate 
putative specific agonists or antagonists of CXCR3 function. Accordingly, the present 
, Lention is directed to the use of these compounds in the preparation and execuUon of 
serening assays for compounds which modmate the activity of the CXCR3 che^ne 

receptor. For example, the «^-* — "^ fc ~^T 
mutants, which are excellent screening tools for more potent compounds, ^er^ore 

fcecompoundaofthismven^^ 
0 ofother compound, to me CXC^^ 

' xhecon^oundsofmein^^ 

specific modulators of the CXCR3 chemokine receptor, ^ve to other chemokme 
leptors including CCR-1, CCR-2. CCR-2A, CCR-2B, CCR-3, CCR-4, CCR-5 
CXCR-4 One of skill in the art will appreciate that thorough evaluation of specific 

25 — ^"^2 

Ivailabmtyofnon-pep^ 

affinityforthesereceptors. T***-^^^"**^™** 
in this context. 
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The compounds of formula I used in the present invention can be prepared 
according to general synthesis schemes provided below. 
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R" N -Y-Z 



(D 
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to shown in Setae 1, a subsotuted MttalniIi< . ^ mcmbe 
fc. kMM. of an aryl side group can be accented by beabng m ^ « ^ ' 

d^actn 8 a. ^ leavtog ^ ^ fc - v. 

of -tab- tnse.eophifc. include KN-dnnedtylethylenedianunine, N ^ 
group with R'-X provides the title compound vii. 

Several points in the synthetic route allow for functional group 
replacement Substituted anthranilic acids n «-w 

th« «,k^ e.- , l (t heme 1} ean be used to introduce/modiiy 

thesubsnmbonofme3H^uinazolin-4-on e s s««^« / ~3 ^ 
XA .. a . ^""^"""^-one 5-8 positions (e.g. R 3 of formula D 

KfcKhtaoon ef.be 2^, mw R > of fomuh i) m „ ^ J y 

^abethicing a variety of acyl groups in tbe fitst step (cf stqi a. Scheme 1). LdLsethe 
^heny, gronp (ag . ^ is ^ „ ^ ^ , ^ *« 

™nn«,„os.n 1 n M 3H^ fi n^ef„ r ^ s «^ ofSchOTel e 
^l^otorionaty^^Y.andZJisn^Bedin^nM^riatb^Tb. 
(«.«. R , Y, and Z) because these gntops «, ^^1^ 



25 



21 



PCT/US00/23556 

WO 01/16114 



Scheme 1 
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of ^ ^ faciIitate3 * 

5. fc **— a . fc 3H-quinazoIino-4-one co„ „ ™ " ^ 
Iheacylaldanlhranilic acid and mamlinefrf stmt k c i> . 

Schem. 9 • • \ MOUn ^° ne < cfl stc P b > Scheme 2), the synthetic sequence of 
Scheme 2 mimics that of Scheme 1. «4«wweoi 
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Scheme 2 



Br HN^-^ Me 



•V We 



V 
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X-F.OMc R A = SOMe, 6-C1, 6-no, 

6-Me, ft* S-F, 6.7,8-OMe 
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E g aSaafl an A — r f " r rxcin MwMMon 

A variety of assays can be used to evaluate the compounds provided 
herein, including CXCR3 binding assays, CXCR3 signalling assays, chemotaxis assays, 

and other assays of cellular response. 

I„ , suirable sssey. • CXCR3 proton (woetto dieted or recombrnsn.) .» 

CXOUproreu, r*I^-»»^^**~ mt ?:TZ' d . 

, -« sod uensien. incase in ihe ««d. of cyursolic tee ealorum [CO,), cUular 
Xo-^oofe.^s^dooofch^or^^ry^rre.ees.b, 

HI—. .c^ooocoo^.CXaU Peore*™. 
^fUn^^ed-ndereoodWoossoi^Utorbindint. T..CXCR3 
,5 ^^.pu^vee^forssecondco^onooo-og^e-ooepo^. 

to he test and binding is detected ot measured. 
*^ ^l^ofp^e^to^*.^-^^^"" 1 

„. u«d which ere SUbry or «n*=uu, Usnrfecud with . vecror or «*pre*»,on 
1.^..* Ki d sequence which encodes the CXCF3 rc^ror. meeds 

conuaedwiu, .prueuve egau under cundiuou, sppropria.eforbu.dm, reoccur. 

25 ^ ,* as . men*,** tenon, containing 

Wh0kCdl! ' I ^.nofb i noin g o,con.p te fon M d..cnnbed«.c B dd i recny.r 
^ y . F or^.e.^P^vee g ».cenbeUb^^.s™«.^(«.^ 

flnorejnt W chenrrinnrineecen, W 1-1- •** - «** -* * 
nuorcsccnt iou , c„^fic and/or competitive binding 

JO bindingcenbed.tominrfbydete« a ooofa..lsbel. SpeafieendWe p ' 

^ t„ t hese assavs the compounds are evaluated as inhibitors of 
the present compounds. In these assays, me wm P 
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f °' HMO, HAC or Mi. In ftj, m w 

membrane fraction from ceUs which express CXCR3 ' * 

Action by an agent can be mTH "* ***** ° f 

«m, • monitored using any suitable method. For exanmle r 

protein activity, such as hydrolysis of GTP to GDP or lat • /° rCXample ' G 
receptor binding can be assayed bv k„o T * 
Neote, e, a , i nMlZTa^r 0 * T ™* 

15 (1993)andDahinden,««/ j 2! 11^'" ' *** 177 * 51 -* 56 
-uinoen, et al.. J. Exp. Med., 179:751-756 (1994)) 

20 are d«=rib«„ ta PCT/USO,/^,,. ' ^ " as^ys 
ft>»>».o/. /»«,,., i 7 . 42J .™,., Bern™ 
(1991)). 7( ' 988) ' mdKaV » i »'« l -"<^*™.W.,l« : 4149- l ,56 

16112667-2671 (1998)). ^ P ° S ' " ^ *""'"<* 

Op- 171-2177 2,8,no«,7' 1 5 Z ^ mise - ««• ^ 

"9 «*, 171.2177-21820990); ,md Jo.., „«£. j, ^ ^ ,„: 88 ,«, (1W4)> 
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EXAMPLES 

5 The following examples are offered to illustrate, but not to limit the 

claimed invention. 

In the examples below, unless otherwise stated, temperatures are given in 
degrees Celsius (°C); operations were carried out at room or ambient temperature 
(typically a range of from about 18-25°C; evaporation of solvent was carried out using a 

10 rotary evaporator under reduced pressure (typically, 4.5-30 mmHg) with a bath 

temperature of up to 60°C; the course of reactions was typically followed by TLC and 
reaction times are provided for illustration only, products exhibited satisfactory l H-NMR 
and/or micro analytical data; yields are provided for illustration only; and the following 
conventional abbreviations are also used: mp (melting point), L (liter(s)), mL (milliliters), 

15 mmol (millimoies), g (grams), mg (milligrams), min (minutes), and h (hours). 

Example I 

20 This example illustrates a six step synthesis of compound 1.11. 




CH 3 

1.11 



L 1 Amidation of Anthranilic Acid 

25 
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NH 2 NH 



To a three-necked, 500 mL round-bottom flask equipped with 
thermometer, dropping funnel, and an efficient magnetic stir bar containing anthranilic 
5 - d ^e,6 8 .5g)^^^ 

r«namedbelow40-C. The product began to precipitate after about one half of the acid 
^onde was added, and me suspension was st^ 

10 ^7 ^ te ^*onw«co m plctcd. Theresmtmgmixturewaspouredinto 
10 water(2.0L)andstirredfor^^ 

collected by filtration, washed with cold water, and dried in a desiccator at room 
temperature under reduced pressure over P 2 0 5 to provide the tide compound (62 8 g, 
65% yield). ' 



15 U 



Cyclization of N-Propionyl Anthranilic Acid (a). 
CO z H 




b 

Compound a (48.3 g, 0.25 mole) was dissolved in acetic anhydride 
(1 80 mL) in a 500-mL round-bottom flask equipped with magnetic stir bar and Claisen- 
20 chsttUanon head (with vacuum inlet). The flask was slowly heated in an oil bath to a bath 
temperattire of 1 70-1 80"C. The reaction mixture was stirred vigorously and the acetic 
and produced was slowly distilled offunder atmospheric pressure. Once the vapor 
temperature of the distillate reached about 140O C , the reaction mixture was heated for an 
addrtzonal 15 min, then cooled until the temperature reached 60-C. The excess acetic 
anhydride was removed by distillation under reduced pressure (about 20 mmHg) The 
resume was cooled and the product solidified. The solid product was triturated with n- 
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hexane (75 mL), and isolated by filtration to provide compound b (31.5 g, 72%) which 
•was carried on without purification. 

1.3 Addition of4-fluoroaniline to 2-ethyl-3.1-[4H]benzoxazine-4-one (b) 



10 



15 



20 




CH 3 



b 

Compound b (31.5 g, 0.18 mole) and 4-fluoroaniline (18.7 g, 0.19 mole) 
were combined in chloroform (75 mL) and heated to reflux for 9 h. After TLC indicated 
that the starting material had been consumed, the chloroform was evaporated under 
reduced pressure. Ethylene glycol (50 mL) and NaOH pellets (0.32 g) were added to the 
residue and the flask was equipped with a Claisen-distillation head and a magnetic sdr 
bar The flask was immersed in an oil bath and reheated up to 130-140 °C bath 
temperature with vigorous stirring and maintained at that temperature for 5 h as water was 
removed by distillation. After completion of the reaction, the clear solution was cooled to 
room temperature and left overnight to completely precipitate the product. The P H of the 
suspension was adjusted to pH 7-8 by adding 3% aq. HC1. The crystalline product was 
filtered off and washed with cold water then recrystallized from isopropanol to provide 
compound c (27.0 g, 56% yield). 



1.4 Bromination 0 f2-ethyl-3-(4-fluorophenyl)quina2oUn-4-one (c) 





CH 3 
d 



Compound c (26.8 g, 0.10 mole), anhydrous sodium acetate (10.0 g) and 
25 glacial acetic acid (130 mL) were combined in a three-necked 250 mL round-bottom flask 
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***** was powrf u, tt ™,er (,500 no.) ^ „ ^ fc 
provide (31.2 g, 90 % yield) of compound d. 



10 



20 



5 Addition ofKN-dimethylethylenediamine to compound d 

o'r <;r ' — rYV°" 

° H3 hA^ w .ch, 



I 



Compound d (6.94 g, 0.020 mole) and N^-dimemyle&ylenedianune 
Q.S6 mL, 0.032 mole) were combined in ethanol (30 mL) and heated to reflux for 5 h. 

15 ^T^^^^ 0 ^^^^^- ^"siduewas 

The organic phase was dried over MgS0 4 , filtered and evaporated to dryness under 
reduced pressure. The resulting crude product was purified by column chromatography 
on smca gel adsorbent with an eluent of CHCl 3 -MeOH 20:1 to provide compound e (3 2 
g, 45% yield). 



1- 6 Acylation of compound e 



HN ^^N' CH ' 
CH 3 



CH 3 

1.11 
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Compound e (354 mg, 1 mmole) was dissolved in a mixture of 1 ,4-dioxane 
(3 mL) and triethylamine (0.14 mL. 1 mmol). The reaction mixture was placed in a water 
bath and decanoyl chloride (0.21 mL, 1 mmole) was added. The resulting mixture was 
slowly stirred for 15 h at room temperature, then concentrated under reduced pressure. 
The residue was dissolved in CH 2 C1 2 and washed successfully with 10% aq. Na 2 C0 3 
solution then twice with water. The organic phase was dried over MgS0 4 , filtered and 
evaporated to dryness under reduced pressure to provide compound 1.11 (3.2 g, 80% 
yield). 

Example 

This example illustrates the preparation of additional compounds using the 
methodology described above. 



15 Preparation of Compound 2.1 



OMc 




20 



25 



Dccanolcadd . 1V * 

' (Compound 2.1) 

Compound 2.1 was prepared following the methods described above for 
1 1 1, with the exception that 4-methoxyaniline was used in place of 4-fluoroaniline. 
Characterization data for 2.1 follows: colorless viscous oil; 'H NMR (*-DMSO; T - 
14 (,Q60.90(UH,^7.2Hz),U6^ 

2.10(m,2H), 2.05(s,6H).2.16-2.24(,n, 1H),2.41 (odd, UU, - - 
* = 12.0Hz),3.30(ddo.lH,*-4^^^ 

2H),7.20(brm,lH).7.32(brm,lH),7.54(ddd,lH,y, = l-2Hz,y 2 = 

Hz) 7.72 (d, 1H, J = 8.0 Hz)j 7.84 (ddd, 1H, Ji = 2.0 Hz, /j = 7.2 Hz, Js — 8.4 Hz), 8.15 

(d£j,- 0.8Hz,* = 7.6Hz)ppm. At room temperature, compound exists as a nuxture 
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ofciiW^de «^ "■3^by'HNMR( 4rDMS o ;T , 25 . C)5 4 82 . „„ , 
-M Hz) * 5,, (o> ,.„„ >y , 7 . 2 Hz)ppm. MS (ES* 52,5 (MHf ' 

Preparation of Compound 2.2 




uecuolc add 
(Compoa.d 2.2) ' 

C °^ omdJJ ™P^^ following ft. mMhodsdescribedabovefor 
"* *T e, ' CeP,i0,, *" ^^^M-^op™ WM of2 . 

.0 "*HNMR ( *«« S ,. M(rQ , M>ft ^. UIWI _ J0 _ 

, ;„ ,H,y ' * " = 10 4 «* * - «*>■ ™ ««. - 

ST»^!r,*" iMafc * ,,fc,,, ''" Mi * 7 ***'*^^ 

15 2 m T^, ^*"" HiJi - 80,b) ''- 72 <* 1H -'-'''HxX7. 8 5 
'5 1.2H^^.6.SH 2 ,y J = 8 .„ Il2) , 8 , 4(d<ljlH , jA . 12Hiy! , 8 , 0 

: b y H»« (H »«„T. M .0.*» fcw . tiaJ . M( 
6.8Hz)ppm. MS (ESI*) 523.4 [MH] + . 

20 Preparation of Compound 2.3 




(CrapvoadU) 
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Compound 2.3 was prepared following the methods described above for 
1.11, with the exception that 1-iododecane was used in place of decanoyl chloride. 
Characterization data for 23 follows: colorless viscous oil; ! H NMR (CDCI3) 6 0.87 (t, 
3H, J - 7.6 Hz), 1.20 - 1.35 (m, 15H), 1.66 - 1.74 (m, 2H), 2.88 - 2.96 (m, 1H), 3.09 - 
5 3.16 (m, 1H), 3.40 (s, 6H), 3.47 (q, 1H, J = 6.8 Hz), 3.56 - 3.62 (m, 2H), 3.62 -3.71 (m, 
1H), 3.73 - 3.80 (m, 1H), 7.24 (m, 2H), 7.37 (m, 2H), 7.49 (ddd, 1H, Jj = \2 Hz, J 2 = J, 
- 8.0Hz), 7.71 (d, 1H, J - 7.2 Hz), 7.79 (ddd, 1H, // - 1.6 Hz,J 2 = 6.8 Hz, /j - 8.4 
Hz), 8.25 (dd, 1H, Jj - 1.2 Hz, J 2 - 8.0 Hz) ppm. MS (ESI*) 495.4 [MH]\ 



1 0 Preparation of Compound 2.4 




ylH2-pip*ridla-I-yMikyf).a«kti 



Compound 2.4 was prepared following the methods described above for 
1.11, with the exception that 1 -(2-aminoethyl)piperidinc was used in place of 2- 

15 (dimethylamino)- 1 -aminoethane. Characterization data for 2.4 follows: colorless viscous 
oil; ] H NMR (rf^-DMSO; T = 140° C) 8 0.89 (t, 3H, J = 6.8 Hz), 1.18 - 1.48 (m, 20H), 
1.45 (d, 3H, J = 6.4 Hz), 1.98 - 2.08 (m, 2H), 2.18 - 2.33 (m, 5H), 2.40 - 2.48 (m, 1H), 
3.29 (ddd, 1H, J/, = 5.6Hz,J 2 - 8.8 Hz, J s = 14.4 Hz), 3.43 (ddd, 1H, /, = 5.2 Hz, J 2 - 
8.4 Hz, J s - 14.0 Hz), 5.1 1 (br m, 1H), 7.30 (br m, 3H), 7.49 (br m, 1H), 7.55 (dd, 1H, Jj 

20 - 7.6 Hz, J 2 = 8.0 Hz), 7.72 (d, 1H, 7 = 7.6 Hz), 7.85 (ddd, 1H, J t - 1.2 Hz, ^ = 7.2 Hz, 
Jj 23 8.4 Hz), 8.14 (dd, 1H, Jj - 1.6 Hz, 77 = 8.0 Hz) ppm. At room temperature, 
compound exists as a mixture of cis/trans amide ro tamers, ca. 1:1 by l H NMR (</<r 
DMSO; T = 25° Q 8 4.75 (q, 0.9H, J = 7.2 Hz) & 5.23 (q, 1 .OH, J = 7.2 Hz) ppm. MS 
(ESI*) 549.3 [MHf . 



/ 
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Examnla 3 



This example illustrates the preparation of Compound 3.1 




3.1 



3.1 



Preparation ofS-meihoxy-2-propionylamino-benzoic acid (f) from 2-amino-S- 
methoxy-benzoic acid 



MeO. 




'OH Propionyi chloride 



DMF.RT 



.JL Me 



To a room temperature solution of 5.068 g 2-ammc-5-methoxy-benzoic 
acd (30.3 mmol, 1.00 equiv) dissolved in 25 mL dry DMF was added 2.90 mL propionyi 
chlonde (33.3 mmol, 1.10 equiv) dropwise by addition funnel over a period of 45 
nunutes. Upon completed addition of the acid chloride, the heterogeneous reaction 
imxture was stirred for 1 4 hours at room temperature and then poured into 300 mL water 
The resulting water/DMF mixture, with white precipitate, was stirred vigorously at 
amment temperature for one hour, after which time the solid was collected by vacuum 
filtration, rinsing the solid with cold water (2 x 50 mL). The white solid was dried in 
vacuo over phosphorous pentoxide overnight to afford 5.17 g of fas a white solid; 76% 
yield m.p. 1 39.7- C. ' H NMR (CDCI3) 5 1 .32 (t, 3H, J = 7.6 Hz). 2.53 (q, 2H, J = 7 6 
Hz), 3.86 (s, 3H), 7.24 (dd, 1H, J, = 3.0 Hz, J 2 = 9.2 Hz), 7.63 (d, 1H, J = 3.0 Hz), 8.70 
(d, 1H, J= 9.2 Hz), 10.80 (s, 1H) ppm. MS (EST) 222.1 [M-HT. 
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3.2 Preparation of 2^thyl-3-(4-fliiorophenyl)-6-methoxy-3H-quinazolm (g) 
from 5-methoxy-2-propionylamino-benzoic acid (f) 

^J^M toluene, heat ^S^ 4 * 





5 To a mixture of 2.036 g f (9.12 mmol, 1.00 equiv) and 1.013 g 4- 

fluoroaniline (9.12 mmol, 1.00 equiv) suspended in 18 mL toluene was added a solution 
of 0.358 mL phosphorous trichloride (4.10 mmol, 0.450 equiv) dissolved in 5 mL toluene 
dropwise by addition funnel over a period of 15 minutes. The resulting heterogeneous 
mixture was heated to reflux for 6 hours, after which time TLC indicated no f remained 

10 (Rt = 0.15, 40% ethyl acetate in hexane). To the room temperature reaction mixture was 
added 30 mL aqueous 10% sodium carbonate solution and the resulting biphase was 
stirred vigorously until all solids dissolved. The toluene was removed in vacuo and a 
precipitate developed. The solid was collected by filtration, rinsing with water (2 x 50 
mL). The air-dried solid was purified by recrystallization from isopropyi alcohol to 

1 5 afford 1 .945 g of g as colorless needles, dried in vacuo over phosphorous pentoxide; 72% 
yield. m.p.l53.7°C. *H NMR (CDC1 3 ) 8 1.24 (t, 3H, J = 7.6 Hz), 2.44 (q,2H, 7=7.6 
Hz), 3.93 (s, 3H), 7.28 (2 x d, 2 x 2H, J = 4.4 Hz), 7.40 (dd, 1H, Jj = 2.8 Hz, J 2 = 9.2 Hz), 
7.65 (d, 1H, J = 2.8 Hz), 7.68 (d, 1H, J = 9.2 Hz) ppm, MS (ESI*) 299.1 [MHf . 

20 3.3 Preparation of2-(l^romoethyl)-3-(4-fluorophenyl)-6-methaxy-3H^uin^ 
one (h) from 2-ethyl-3-(4-fluorophenyl)-6-methoxy-3H-quinazolin-4-one (g) 

Y%A N >V Br 2 ,HOAc M ^«Y^V^N^^ 
k*A* N A^ Me NaOAc,40°C V^ N ^y Me 

S b 

To a mixture of 1.016 g g (3.406 mmol, 1.000 equiv) and 0.335 g sodium 
25 acetate (4.09 mmol, 1 .20 equiv) in 20 mL glacial acetic acid at 40° C (external 

temperature, oil bath) was added a solution of 0.1 75 mL bromine (3.41 mmol, 1 .00 equiv) 
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dissolved in 3 mL glacial acetic acid dropwise by addition funnel over a period of 30 
minutes. After 3.5 hours, TLC indicated no g remained (R f - 0.33, 33% ethyl acetate in 
hexane) and the reaction solution was poured into 250 mL water. The result in g mixture 
was snned vigorously at room temperature for 2 hours, after which time the precipitate 

sohd was dned in vacuo over phosphorous pentose overnight, affording 1.103 g of h as 
awhrtesohd^o/.yie.d. m.p. ,66.4-C. 'HNMR (CDC1 3 ) 5 2.08 (d, 3H,/=67Hz) 
3.94 (s, 3H), 4.58 (q, 1H, J = 6.7 Hz), 7. 18 (odd, 1H, J, = 2.7 Hz, J 2 = 4 7 Hz, J 3 = 8 4 
^ 7 - 29 ^^ = 2.9Hz,* = 8^^ 

7.76 (d, 1H, J - 8.9 Hz) ppm. MS (ESI*) 377.0 [MH] + . 



methoZ-3H^^"^™ ®/ hm 2 *- h ™o«hyl)-3-(4-fl»orophenylU 



3.4 

15 m^c^i^W^: ST" ^""""J"**" W^Aen^-d- 



MeO, 





20 



25 



h 

J 

A mixture of 0.273 g h (0.724 mmol, 1.00 equiv) and 0.127 mL 2- 
(dnnemylammo^l-ammoethane (1.16 mmol, 1.60 equiv) in 6 mL ethanol was heated to 
reflux for 23 hours, after which time TLC indicated no h remained (R, = 0.73, 40»/. et h y , 
acetate in hexane). The ethanol was removed in vacuo and the concentrate partitioned 
between dichloromethane (30 mL) and saturated aqueous sodium bicarbonate solution (25 
mL). The separated aqueous layer was extracted again with dichloromethane (30 mL) 
and the combined organic extracts dried over sodium sulfate, filtered, and concentrated in 
vacuo to yield a yellow glass. The crude material was purified by chromatography on 
srhca gel (3.5 cm o.d. x 12 cm h) eluting with 5% methanol in chloroform. Fractions 
contaming product at R, = 0.16 (10% methanol in chloroform) were combined and 
concentrated in vacuo to afford 260 mg of j as a pale yellow, glassy solid; 94% yield. 
m.p. 124.8- C. 'HNMR (CDCI3) 5 1.26 (d. 3H.7- 6.8 Hz), 2.20 (s, 6H), 2.23 (dt, 1H, 
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J i « 4.8 Hz, J 2 - 1 1.6 Hz), 2.42 (dt, 1H, J t - 4.8 Hz, / 2 = 10.0 Hz), 2.49 - 2.54 (m, 1H), 
2.57 - 2.63 (m, 1H), 2.71 (br s, 1H), 3.42 (q, 1H, J - 6.8 Hz), 3.91 (s, 3H), 7.23 - 7.28 (m, 
4H), 7.37 (dd, 1H, 7, = 2.8 Hz, J 2 = 8.8 Hz), 7.62 (d, 1H, J - 3.2 Hz), 7.66 (d, 1H, 7 = 
8.8 Hz) ppm. MS (ESI*) 385.2 [MH] + . 

5 

J.J Preparation of 3.1 from 2-[l-(2-dimethylaminoethyIamino)-ethyl]-3-(4- 
fluorophenyl)-6-metho3y-3H-quinazolin-4-one Q) 




10 To a room temperature solution of 120 mg j (0.3 13 mmol, 1 .00 equiv), 

0.048 mL triethylamine (0.345 mmol, 1.10 equiv), and 2.0 mg DMAP (0.016 mmol, 
0.052 equiv) dissolved in 2 mL 1,4-dioxane was added 0.065 mL decanoyl chloride 
(0.313 mmol, 1.00 equiv); a colorless precipitate developed. The reaction mixture was 
stirred overnight at room temperature then concentrated in vacuo to remove the dioxane. 

15 The resulting concentrate was partitioned between dichloromethane and aqueous 

saturated sodium bicarbonate solution (25 mL each). The separated aqueous layer was 
extracted again with dichloromethane (25 mL) and the combined organic extracts dried 
over sodium sulfate, filtered, and concentrated in vacuo to yield a yellow, glassy oil. The 
crude product was purified by chromatography on silica gel (3.5 cm o.d. x 8 cm h) eluting 

20 with 3% methanol in chloroform. Fractions containing product at Rf = 0.42 (10% 

methanol in chloroform) were combined and concentrated in vacuo to afford 104 mg of 
3.1 as a white solid; 62% yield. m.p. 120.2° C. *H NMR (rf<rDMSO; T = 140° C) 5 0.90 
(t, 3H, J = 6.8 Hz), 1.18 - 1.48 (m, 14H), 1.44 (d, 3H, J = 6.8 Hz), 1.94 - 2.06 (m, 2H), 
2.05 (s, 6H), 2.13 - 2.21 (m, 1H), 2.36 - 2.44 (m, 1H), 3.25 (ddd, 1H, J, = SJ. Hz, J 2 » 

25 8.8 Hz, J s - 14.4 Hz), 3.39 (ddd, 1H, Jj = 6.0 Hz, J 2 - 9.2 Hz, J 3 - 15.2 Hz), 3.91 (s, 
3H), 5.10 (br m, 1H), 7.30 (br m, 3H), 7.46 (d, 1H, J - 2.8 Hz), 7.48 (d, 1H, J = 2.8 Hz), 
7.57 (d, 1H, J = 2.8 Hz), 7.69 (d, 1H, J = 8.8 Hz) ppm. At room temperature, compound 
exists as a mixture of cis/trans amide rotamers, ca. 1:1 by l H NMR (dd-DMSO; T = 25° 
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C)54.75 (q , 1.0H,y=6. 8 Hz) & 5.25 (q . 1.0H,y = 6.8 Hz) ppm. MS (ESI 4 ) 539.5 
[MH] . 



This example illustrates the preparation of additional compound, using the 
methodology provided in Example 3. 



Preparation of 4.1 



O r^V° Me 




Dtcanoic idd 

mctka^plicaylH^xo-a^dilwdroHia 
»-2-ylJ-rtliyi)-a«ii(k 
14.1 



Compound 4.1 was prepared following the synthesis of 3.1 described 
above, with the exception that 4-methoxyaniline was used in place of 4-fluomaniline 
Characterization data for 4.1 follows: white solid, mp. 124.2- C. MS (ESf) 551 5 
[MH] + . 



Preparation of 4.2 

o r^V OMe 



WnV 




Dccaaolcadd 

ethyl)-aiaidc 
(Componnd 4J) 



Compound 4.2 was prepared following the synthesis of 3.1 described 
above, with the exception that 2-amino-6-chloro-benzoic acid was used in place of 2- 
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amino-6-methoxy-benzoic acid and 4-methoxyaniline was used in place of 4- 
fluoroaniline. Characterization data for 4.2 follows: pale yellow, low-melting solid. MS 
(ESf) 555.3 [MHf 

Preparation of 4.3 




Decanoic add 
(2-dimcthylamlDo^ylHl*I-H4-fIiioro-fkheii 
yl)-^^tro-4-HOxo-3,4-daydn>qnin«xoiht-3-yl}- 

ethyl}-*xnide 
(Compound 43) 

Compound 4.3 was prepared following the synthesis of 3.1 described 
above, with the exception that 2-amino-6-nitro-benzoic acid was used in place of 2- 
amino-6-methoxy-benzoic acid. Characterization data for 4.3 follows: orange oil. MS 
(ESf) 554.3 [MHf 

Preparation of 4.4 




Decanok idd 
(2-dfmetkyUmmo-etaylHl -P-(4-Qnoro-plie 
ny!)-6-roglkyi I o xp-3,4-dihydro-<i nin » zoHii- 2 
-ylj-«thy1}-amide 
(Compound 4A) 

Compound 4.4 was prepared following the synthesis of 3.1 described 
above, with the exception that 2-amino-5-methyl-benzoic acid was used in place of 2- 
amino-5-methoxy-benzoic acid. Characterization data for 4.4 follows: white solid, m.p. 
121.0° C MS (ESf) 523.4 [MH]\ 
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Decaaoic add 
(l-f6^hlor(K^4^oorophenylH^MK3.4Hll 

aminoethyO-amide 
(CampaumAiS) 



5 



Compound 4.5 was prepared following the synthesis of 3.1 described 
above, with the exception that ^amin^hloro-benzoic acid was used in place of 2. 

Characterization datafor4.5 follows: white solid n,p. 
122.9° C. MS (ESI + ) 543.3 [MH] + . P 



Preparation of Compound 4*6 



O 



O Me 



Deeaaoie add 
(2-dfc^3i^o-^yf>.{i.(3-(4-fluoro 
i>henyl>4WodiH4H>xi>.3,4-dlhydro- 
qain«zolln-2-y1}-^ayij. tmide 

(Compound 4.6) 



Compound 4.6 was prepared following the synthesis of 3.1 described 
above, with the exception that 2-anunc-5-iodo-benzoic acid was used in place of 2- 
anuno-5-methoxy-benzoic acid. Characterization data for 4.6 follows: pale yellow, low- 
melting solid. MS (ESI*) 635.3 [MHf. 
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Preparation of Compound 4. 7 




Decanoic acid 
(2-<limrthyUml»o-ediyl).{l-{3^(4-aaoro 

phcnyt)^7,8-4rimethoiy-4-oxD-3 f 4- 
dikydi^iiliuuoiiB-2-ylHthylHunide 
(Compound 4.7) 

Compound 4.7 was prepared following the synthesis of 3,1 described 
above, with the exception that 2-amino-3,4,5-trimethoxy-bcnzoic acid was used in place 
of 2-amino-5-methoxy-benzoic acid Characterization data for 4.7 follows: pale yellow 
solid, m.p. 106.7° C. MS (ESf) 599.5 [MH] + . 

Preparation of Compound 4*8 




Dtcmric udd 
(2-dimcth)lAmino<thyO-{ l-|5-fluoro-3- 
(4-flaorophcaiyf>-4-oxo-3,4-<iihydn>- 
quina2oti»-2-yllHrthyl}-«mide 
(Compound 4.8) 

Compound 4.8 was prepared following the synthesis of 3.1 described 
above, with the exception that 2-amino-6-fluoro-benzoic acid was used in place of 2- 
amino-5-methoxy-benzoic acid. Characterization data for 4.8 follows: colorless viscous 
oil. MS (ESt) 527.3 [MH]\ 



Example? 

This example illustrates the preparation of Compound 5.1 from Compound 

4.6. 
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10 




(HO^B ^ 

DMF t 80°C 



^ihyd^i fcwp i m 3 y »ftyl)^d, (44) 




-phenyl)^ 



A resealable Schlenck reaction flask was charged with 32 mg 4.6 (50 
umol, LOequiv). 14 mg potassium carbonate (100 umol, 2.0 equiv), lOmgphenylboronic 
ac,d (82 umoL 1.6 equiv), 10 mg tetralds(triphenylphosphme)pallad^um(0) (8 7 umol 
0. 1 7 equiv), and 2.0 mL DMF. The mixture was degassed by freeze-evacuate-thaw (3 
cycles) then opened to nitrogen atmosphere and heated to 80» C (external temperature oil 
bath) for 2 hours, after which time MS and TLC indicated no 4.6 remained ([MH] + = ' 
635.3; R[*= 0.26, 6% methanol in chloroform). The DMF was removed in vacuo and the 
concentrate adsorbed onto a column of silica gel (2.5 cm o.d. x 12 cm h) and eluted with 
3% methanol in chloroform. Fractions containing product were combined and 
concentrated in vacuo to afford 23 mg of 5.1 as a colorless oil; 79% yield. MS (ESI*) 
585.3 [MHf. 1 ' 



15 



20 



Example 6 

This example illustrates the preparation of Compound 6.1 from Compound 

Me. ^ ^ _ _ J. 





A resealable Schlenck reaction flask was charged with 17 mg 4.6 (26 
umol, 1.0 equiv), 15 uL phenylacetylene (135 umol, 5.2 equiv), 2.0 mg 
bis(triphenylphosphme)pafladiuin(II) dichloride (2.7 umol, 0.1 equiv). 1.0 mg copper© 
Kxude (4.0 umol, 0.15 equiv), and 3.0 mL triethylamine. The mixture was degassed by 
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freeze- evacuate- thaw (3 cycles) then opened to nitrogen atmosphere and stirred at room 
temperature. After 1 .5 hours, MS indicated no 4.6 remained and the reaction was 
concentrated in vacuo then adsorbed onto a column of silica gel (2.5 cm o.d. x 10 cm h) 
and eluted with 3% methanol in chloroform. Fractions containing product were 
5 combined and concentrated in vacuo to afford 16 mg of 6.1 as a colorless oil; 98% yield 
MS (ESf) 609.3 [MH] + . 



Eamate 7 

10 

This example illustrates the preparation of Compound 7.1 from Compound 

6.1. 




1 5 Hydrogen gas was introduced (by balloon) to a nitrogen-purged flask 

charged with 8.2 mg of 6.1 (13 umol, 1.0 equiv), 14 mg palladium on activated carbon 
(10% wt Pd; 13 umol, equiv), and 3.0 mL methanol. The reaction mixture was stirred at 
room temperature for 1 6 hours then filtered through a pad of Celite. The filtrate was 
concentrated in vacuo to afford a faint yellow film. The crude product was purified by 

20 column chromatography on silica gel (2.5 cm o.d. x 10 cm h) eluting with 3% methanol 
in chloroform. Fractions containing product at Rf = 0.29, 6% methanol chloroform, were 
combined and concentrated in vacuo to afford 6.6 mg of 7.1 as a colorless film 80% yield. 
MS (ESI*) 613.4 [MHf. 

25 Example 8 

This example illustrates the preparation of Compound 8.1 from Compound 

43. 
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25 



Hydrogen gas was introduced (by balloon) to a nitrogen-purged flask 
charged with ,2.8 mg 43 (23 umol, ,. 0 equiv), ,2 m g palladium 0 „ tetivated carbon . 
(10% wt. Pd; 12 umol, 0.52 equiv), and 4.0 mL methanol. The reaction mixture was 
■ s ^*n>°n> temperature ^ The filtrate 

was concentrated in vacuo to afford a yellow-orange film The crude product was 
punfied by column chromatography on silica gel (2.5 cm o.d. x 10 cm h) eluting with 5% 
methanol in chloroform. Fractions containing product at R f = 0.11, 10% methanol in 
chloroform, were combined and concentrated in vacuo to afford 5.8 mg of 8.1 as a 
colorless film; 48% yield. MS (ESI*) 524 J [MH] + . 

Example 0 

This example illustrates screening procedures used in characterizing the 
compounds of the present invention. 

Source plates of chemical libraries were obtained from commercial 
vendors and contained individual compounds at 5 mg/mL in DMSO, or in some 
instances, at 1 mg/mL. From these, multiple compound plates containing 10 compounds 
in each well were made, and these were diluted in 20% DMSO to a concentration of 50 
ug/mL (10 ug/mL for those beginning at 1 mg/mL). An aliquot of 20 «L of each mixture 
was put into the test plates, which were stored frozen until use. 

CXCRB-expressing cells were prepared according to standard methods and 
used m most assays. The cells were cultured in IMDM-5% FBS, and harvested when the 
concentration was between 0.5-1.0 x 10* cells/mL. The cells were centrifuged and 
resuspended in assay buffer (20 «M HEPES, 80 mM NaCl, 1 mM CaCl* 5 mM MgCl 2 , 
and with 0.2% bovine serum albumin, pH 7.1) to a concentration of 5.6 x 1 0 6 cells/mL 
Usmg a Multi-Probe automated system, 0.09 mL of cells was added to each well of the 
assay test plates containing the compounds, followed by 0.09 mL of 125T_rp. 10 (fiom 
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Using a Multi-Probe automated system, 0.09 mL of cells was added to each well of the 
assay test plates containing the compounds, followed by 0.09 mL of 125 I-IP-10 (from 
New England Nuclear) diluted in assay buffer (final concentration -25-100 pM, with 
-50,000 cpm per well). The final concentration of the compounds was 1-5 jig/mL each. 
5 The plates were sealed and incubated for approximately 3 hours at 4°C on a shaker 
platform. (In some experiments radiolabeled MIG was used.) The assay plates were 
harvested using Packard filter plates, pre-soaked in PEI solution, on the vacuum harvest 
apparatus. Scintillation fluid (35 jiL) was added to each of the wells, the plates were 
sealed and counted in a Top Count scintillation counter. Control wells contained either 

10 diluent only (for total counts) or excess IP-10 (1 jig/mL, for non-specific binding) and 
were used to calculate the percent of total inhibition for each set of compounds. Further 
tests on individual compounds were carried out in the same maimer. ICso values are those 
concentrations required to reduce the binding of labeled IP-10 to the receptor by 50%. 

Calcium mobilization assays were performed by labeling human peripheral 

15 blood lymphocytes (cultured in 10 ng/mL EL-2 for at least 12 days) with INDO-1 dye (45 
min at room temperature), washing with PBS, and re suspending into flux buffer (HBSS 
with 1% fetal bovine serum). For each test, 1 x 10 6 cells were incubated at 37°C in the 
cuvette of a PTI spectrometer, and the ratio of 400/490 nm emission was plotted over 
time (typically 2-3 minutes), with compounds added at 5 seconds, followed by IP-10 or 

20 other chemokines. 

Chemotaxis assays were performed using 5 jim filter plates (Neuroprobe) 
with the chemoattractant placed in the lower chamber, and a cell suspension of 50,000 to 
100,000 cells in the upper chamber. The assays were incubated 1-2 hours at 37°C, and 
the number of cells in the lower chamber quantified using a CyQuant assay (Molecular 

25 Probes). 

The binding of IP-10 or MIG to CXCR3 was first optimized by testing 
various pH and salt concentrations for their effect in a homologous competition assay. 
Maximum binding of radiolabeled MIG takes place under low salt (80 mM) conditions, as 
compared to normal salt (140 mM), while there is no difference between pH 7.1 and 7.4. 

30 

/ 
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Example | ft 



This example provides a table of compounds prepared using methods 
5 simHar to those provided in Example 1, and evaluated using the methods described in 
Example 2. In the table below, activity is reported as follows: +,IC 3 o>5pM; ++, 

5pAl^IC 50 >0.8 f iM; +++, IC J0 <; 0.8 ,iM 
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1.8 


nonanoyl 
(branched) 


M 


4-fluorophenyl 


+ 


1.9 


nonanoyl 


U 


4-methoxyphenyl 


+++ 


1.10 


nonanoyl 


M 


4-chlorophenyl 


+++ 


1.11 


decanoyl 


U 


4-fluorophenyl 


+++ 


1.12 


decanoyl 


*« 


phenyl 


+ 


1.13 


dodecanoyl 


M 


4-chlorophenyl 


++ 


1.14 


tctradecanoyl 


<« 


4-fluorophenyl 


+++ 


1.15 


tetradecanoyl 


«« 


4-methoxyphenyl 


+++ 



In addition, compound 1.11 was tested against S other chemokine 
receptors on activated lymphocytes, and did not interfere with signalling by those 
chemokines. 

5 

It is understood that the examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light thereof 
will be suggested to persons skilled in the art and are to be included within the spirit and 
purview of this application and scope of the appended claims. All publications, patents, 
10 and patent applications cited herein are hereby incorporated by reference in their entirety 
for all purposes. 
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SBAll&gLAIMEB I§j 

1 • A compound having the formula: 

O 



x 

2 d1^ N -> 

3 wherein 




the subscript n is an integer of from 0 to 4; 



Ar is a member selected from the group consisting of substituted or unsubstituted 
aryl and substituted or unsubstituted heteroaryl; 

7 R 1 is a member selected from the group consisting of substituted or unsubstituted 

8 (Cs-C 15 )alkyl; 

9 R 2 is a member selected from the group consisting of substituted or unsubstituted 

10 (Ci-C,,)alkyl; 

1 1 each R 3 is an aryl substituent; 

12 X is a member selected from the group consisting of CH and N; 

13 Y is a member selected from the group consisting of substituted or unsubstituted 

(C 2 -C 8 )alkylene and substituted or unsubstituted CC 2 -C 8 )heteroalkylene ; 
° and 

16 Zis-NR-'R 3 , 

17 wherein R 4 and R 5 are independently selected from the group consisting of 



hydrogen and (C.-QOaDcyl, or optionally are combined with the 
nitrogen atom to which each is attached to form a 5-, 6- or 7-membcrcd 
ring. 

A compound in accordance with claim 1, wherein X is N. 



1 3. A compound in accordance with claim 1, wherein X is N, and Ar is 

2 substituted phenyl. 

1 4 " A COmpound m accordance with claim 1, wherein X is N, Ar is 

2 substituted phenyl, and R 1 is a (C g -C M )acyl group. 
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1 5. A compound in accordance with claim 1 , wherein X is N, Ar is 

2 substituted phenyl, R l is a (Cg-Cu)acyl group, and R 2 is unsubstituted (Ci-C 4 )alkyl. 

1 6. A compound in accordance with claim 1, wherein X is N, Ar is 

2 substituted phenyl, R 1 is a (Cg-Cu)acyl group, R 2 is unsubstituted (Ci-C^alkyl, and Y is 

3 (C 2 -C5)alkylene. 

1 7. A compound in accordance with claim 1, wherein X is N, Ar is 

2 substituted phenyl, R 1 is a (Ca-C w)acyl group, R 2 is unsubstituted (Ci-C4>alkyl, Y is (Cr- 

3 Cs)alkylene, and Z is dimethylamino. 

1 8. A compound in accordance with claim 1 , wherein X is N, Ar is 

2 substituted phenyl, R 1 is a (C 8 -C| 4 )acyl group, R 2 is unsubstituted (Ci-C 4 )alkyl, Y is (C 2 - 

3 C 5 )alky lene, Z is dimethylamino, and n is 0. 

1 9. A compound in accordance with claim 1 , wherein X is N, Ar is 

2 substituted phenyl, R 1 is a (C 8 -Cu)acyl group, R 2 is methyl, Y is ethylene, Z is 

3 dimethylamino, and n is 0. 

1 1 0. A compound in accordance with claim 9, wherein said substituted 

2 phenyl is selected from the group consisting of 4-fluorophenyl, 4-methoxyphenyl, 4- 

3 chlorophenyl, 4-methylphenyl, and 4-bromophenyl. 

1 1 1 . A composition comprising a phannaceutically acceptable excipient 

2 and a compound having the formula: 

3 R^ N ^Y-Z 

4 wherein 

5 the subscript n is an integer of from 0 to 4; 

6 Ar is a member selected from the group consisting of substituted or unsubstituted 

7 axyl and substituted or unsubstituted heteroaryl; 

8 R 1 is a member selected from the group consisting of substituted or unsubstituted 

9 (Cs-Ci5)allcyl; 
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11 (Ci-C 8 )alkyl; 

12 each R 3 is an axyl substituent; 

13 X is a member selected from the group consisting of CH and N; 
Y is a member selected from the group consisting of substituted' or unsubstituted 



14 
IS 



16 ^ 

17 Zis-NRV, 



(C 2 -C 8 )alkylene and substituted or unsubstituted (C 2 -C 8 )heteroalkylene; 



18 
19 
20 



wherein R and R 5 are independently selected from the group consisting of 
hydrogen and (C r C,)alkyl, or optionally are combined with the 
nitrogen atom to which each is attached to form a 5-, 6- or 7- 



21 membered ring. 



1 12. 

1 13. 

2 Ar is substituted phenyl 



A composition in accordance with claim 1 1, wherein X is N. 
A composition in accordance with claim 1 1, wherein X is N, and 



1 
2 



14. A composition in accordance with claim 11, wherein X is N, Ar is 
substituted phenyl, and R 1 is a (C 8 -C, 4 )acyl group. 



1 15. A composition in accordance with claim 1 1 , wherein X is N Ar is 

2 substituted phenyl, R' is a (Cg-C 14 )acyl group, and R 2 is unsubstituted (C.-COalkyL 

1 
2 



16. A composition in accordance with claim 11, wherein X is N, Ar is 
substituted phenyl, R l is a (Q-C^acyl group, R 2 is unsubstituted (C,-C 4 )alkyl, and Y is 
3 (C2-C5)alkylene. 

1 17. A composition in accordance with claim 1 1, wherein X is N Ar is 

2 substituted phenyl, R' is a (Cs-C 14 )acyl group, R 2 is unsubstituted (C,-C 4 )alkyl, Y is (C 2 - 

3 C s )alkylene, and Z is dimethylamino. 



1 
2 



18. A composition in accordance with claim 11, wherein X is N Ar is 
substituted phenyl, R 1 is a (C 8 -C 14 )acyl group, R 2 is unsubstituted (C,-C 4 )alkyl, Y is (C 2 - 



3 C 5 )alkylene, Z is dmiemylamino, and n is 0. 
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1 19. A composition in accordance with claim 1 1 , wherein X is N, Ar is 

2 substituted phenyl, R 1 is a (QrQOacyl group, R 2 is methyl, Y is ethylene, Z is 

3 dimethy lamino, and n is 0, 

1 20. A composition in accordance with claim 1 9, wherein said 

2 substituted phenyl is selected from the group consisting of 4-fluorophenyl, 4- 

3 methoxyphenyl, 4-chlorophenyl, 4-methylphenyl, and 4-bromophenyl. 

1 2 1 . A method of modulating CXCR3 function, said method comprising 

2 contacting a CXCR3 protein or truncated form thereof with a CXCR3 -modulating amount 

3 of a compound having the formula: 

O 

4 R" N -Y-Z 

5 wherein 

6 the subscript n is an integer of from 0 to 4; 

7 Ar is a member selected from the group consisting of substituted or unsubsti tuted 

8 aryl and substituted or unsubstituted heteroaryl; 

9 R 1 is a member selected from the group consisting of substituted or unsubstituted 

10 (C5-C 13 )alkyl; 

11 R 2 is a member selected from the group consisting of substituted or unsubstituted 

12 (CfCg)alkyl; 

13 each R 3 is an aryl substituent; 

14 X is a member selected from the group consisting of CH and N; 

15 Y is a member selected from the group consisting of substituted or unsubstituted 

1 6 (C2-C 8 )alkylene and substituted or unsubstituted (C2-C 8 )heteroalkylene; 

17 and 

18 Zis-NRV, 

19 wherein R 4 and R 5 are independently selected from the group consisting of 

20 hydrogen and (d-C 8 )aIkyl, or optionally are combined with the 

21 nitrogen atom to which each is attached to form a 5-, 6- or 7- 

22 membered ring. 
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1 22. A method of treating a CXCR3-mediated condition or disease in a 

2 subject, said method comprising administering to a subject in need of such treatment an 

3 effective amount of a compound having the formula: 

0 



15 
16 




4 

5 wherein 

6 the subscript n is an integer of ftom 0 to 4; 

7 Ar is a member selected from the group consisting of substituted or unsubstituted 

8 aryl and substituted or unsubstituted heteroaryl; 

9 R ' is a member ^ected from the group consisting of substituted or unsubstituted 

10 (Cj-C, 3 )alkyl; 

11 R 2 is a member selected from the group consisting of substituted or unsubstituted 

12 (C,-C 8 )alkyl; 

13 each R 3 is an aryl substituent; 

14 X is a member selected from the group consisting of CH and N; 
Y is a member selected from the group consisting of substituted or unsubstituted 

(C2-C 8 )alkylene and substituted or unsubstituted (C 2 -C 8 )heteroalkylene; 

17 and 

18 Zis-NRV, 

19 wherein R* and R 5 are independently selected from the group consisting of 

20 hydrogen and (C r Cg)alkyl. 

1 23. A method in accordance with claim 22, wherein said CXCR3- 

2 mediated condition or disease is selected from the group consisting of multiple sclerosis, 

3 rheumatoid arthritis, type I diabetes, psoriasis, cancer and HTV infection. 

1 24. A method in accordance with claim 22, wherein said CXCR3- 

2 mediated condition or disease is multiple sclerosis. 

1 25. A method in accordance with claim 22, wherein said administration 

2 is oral or intravenous. 
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26. A method in accordance with claim 22, wherein said subject is 
selected from the group consisting of human, rat, dog, cow, horse, and mouse. 

1 27. A method in accordance with claim 22, wherein said subject is 

2 human. 

28 A method in accordance with claim 22, wherein n is 0, Ar is 

2 substituted^^ 

3 n, Y is unsubstituted (C 2 -C<)alkylene, and Z is selected from the group consistmg of 

4 methylamino, dimethylamino, ethylamino and diethylamino. 

29 A method in accordance with claim 22, wherein said CXCR3- 

2 mediated disease or condition is selected from the group consisting of multiple sclerosis, 

3 meumaloidarthritis^^ 

4 ^bstimtedphenyl^sunsub^ 

5 N, Y is unsubstituted (C^alkylene, and Z is selected from the group consul of 

6 methylamino, dimethylamino, ethylamino and diethylamino. 
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